. Expanded 2D NOESY spectrum of mTG 4 T (500 MHz; 25°C; strand concentration 1.2 mM; 10 mM KH2PO4/K2HPO4, 70 mM KCl and 0.2 mM EDTA, pH 7.0 in H2O/D2O 9:1; total volume 0.6 ml; mixing time 180 ms) correlating base aromatic protons and sugar protons. Crosspeaks correlating H8G2 and H1', H2', H2'' have been highlighted. . Expanded 2D NOESY spectrum of mTG 3 T (500 MHz; 25°C; strand concentration 1.2 mM; 10 mM NaH2PO4/Na2HPO4, 70 mM NaCl and 0.2 mM EDTA, pH 7.0 in H2O/D2O 9:1; total volume 0.6 ml; mixing time 180 ms) correlating base aromatic protons and sugar protons. Figure S8 . Some of the possible G-quadruplex structures for mTG 2 T compatible with the CD spectra in potassium (A) and sodium (B) buffers, compared to the TBA G-quadruplex (see main text for details). G-quadruplexes have been labelled according to the clockwise progression of the loops: L=lateral, R=reversed. Guanosines and thymidines are represented by white and black circles, respectively. Guanosines in syn and anti glycosidic conformations are in purple and light blue, respectively. Inversion of polarity sites 3'-3' and 5'-5' are represented by red double-arrows and black dots, respectively. Figure S9 . CD heating curves of mTG 4 T in sodium buffer NaCl 70 mM (A), and in potassium buffer KCl 5 mM (red) and sodium buffer NaCl 5 mM (blue) (B); CD heating curve of mTG 3 T in potassium buffer KCl 70 mM (C), and melting (blue) and annealing (green) profiles in sodium buffer NaCl 70 mM (D); CD melting (red) and annealing (yellow) profiles of mTG 2 T in potassium buffer KCl 70 mM (E), and CD melting (blue) and annealing (green) profiles in sodium buffer NaCl 70 mM (F). The scan rate is 0.5°C/min except for D in which is 10°C/h. See Material and methods for details. 
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Molecular modelling
The main conformational features of quadruplexes mTG 4 T and mTG 3 T were explored by means of a molecular modelling study. According to NMR and CD data, we built approximate molecular models of both quadruplexes formed by mTG 3 T and mTG 4 T (Supplementary Figure S12) . The AMBER force field using AMBER 99 parameter set was used. In both cases, the initial coordinates for the starting models of the quadruplexes mTG 4 T and mTG 3 T (for the G4-run and G3-run series respectively) were taken from the NMR solution structure of the quadruplex [d(TTGGGGT)]4 (Protein Data Bank entry number 139D), with one of the four available structures chosen randomly. The preliminary mTG 4 T G-quadruplex model was built by deleting the first thymidine residue in each of the four d(TTGGGGT) strands. The initial mTG 3 T model instead was obtained from the preliminary mTG 4 T one by removing the last 2'-deoxythymidine residue and replacing the final 2'-deoxyguanosine with a thymidine residue. The complete structures of the corresponding monomolecular quadruplexes containing the inversion of polarity sites were then built using the Builder building tool of Discover by adding a phosphate group linking the 5' ends of the first two and of the last two TGGGGT or TGGGT strands, respectively, and another phosphate group linking the 3' ends of the second and the third TGGGGT or TGGGT strands, respectively. As for NMR results, the 2'-deoxyguanosines in the second positions of the G4-runs and G3-runs respectively were arranged in the syn conformation. The calculations were performed using a distance-dependent macroscopic dielectric constant of 4r, and an infinite cut-off for non-bonded interactions to partially compensate for the lack of solvent used (1). Using the steepest descent followed by quasiNewtoneRaphson method (VA09A), the conformational energy of each complex was minimized until convergence to an RMS gradient of 0.1 kcal/mol Å was reached. Illustrations of structures were generated using the INSIGHT II program, version 2005 (Accelrys, San Diego, CA, USA). All the calculations were performed on a PC running Linux ES 2.6.9. It can be noted that all purine bases involved in the formation of G-tetrads, including the syn residues in the second positions, are able to form well-defined and planar tetrads and the resulting Gquadruplex structures show an optimal right-handed helical twist and a high symmetric backbone geometry. In both G-quadruplexes, the G residues of the first tetrad assume a perfectly syn glycosidic conformation without causing any distortions of the backbone and resulting in a good stacking with the underneath all-anti G-tetrad. It is noteworthy that the insertion of three lateral loops containing two thymidine residues linked with 5'-5' or 3'-3' IPSs does not significantly affect the general folding of the modified G-quadruplex structures, compared to the canonical tetramolecular analogues, [d(TGGGGT)]4 (2) and [d(TGGGT)]4 (3) as already suggested by the NMR data. As regard the inversion of polarity sites, it is significant to note that the phosphates groups of the two 5'-5' and the one 3'-3' junctions are not distorted, so there is none alteration of the backbone in both models. The two T residues at the 3'-ends together with one T of the 3'-3' IPS stack completely over the purine rings of the underneath G-tetrad, whereas the other T base of the 3'-3' junction is not aligned with it.
As far as the TT loops with 5'-5' IPSs are concerned, two T residues, belonging to the two different loops, are efficiently stacked over the six-membered rings of the underneath guanines, while the other two lie slightly away from the core of the G-quadruplex structure. Overall, both quadruplexes formed by mTG 3 T and mTG 4 T are characterized by a lack of steric interactions and a compact arrangement, according to their extraordinary thermal stability.
2) Jin, R., Gaffney, B.L., Wang, C., Jones, R.A. Table S1 . Proton chemical shifts assignment for G-quadruplexes formed by ODNs mTG 3 T and mTG 4 T (500 MHz, 25°C) in 10 mM KH2PO4/K2HPO4, 70 mM KCl and 0.2 mM EDTA (pH 7.0). N.D. = not determined. Residues adopting syn glycosidic conformations are underlined. It should be noted that, due to the similarity between strands and the connectivity interruption at the inversion of polarity sites, it has been not possible to assign the chemical shifts of a particular strand to the pertinent 5'-TG3T-3' or 5'-TG4T-3' tract. Table S2 . Proton chemical shifts assignment for G-quadruplexes formed by ODNs mTG 3 T (500 MHz, 25°C) in 10 mM NaH2PO4/Na2HPO4, 70 mM NaCl and 0.2 mM EDTA (pH 7.0). N.D. = not determined. Residues adopting syn glycosidic conformations are underlined. It should be noted that, due to the similarity between strands and the connectivity interruption at the inversion of polarity sites, it has been not possible to assign the chemical shifts of a particular strand to the pertinent 5'-TG3T-3' tract. 
